Abstract HDLs have been proposed to have antiatherogenic properties because of their role in reverse cholesterol transport as lipid acceptors. To elucidate the phospholipid profile of these particles, we used electrospray ionization mass spectrometry to examine the phosphatidylcholine (PC) and sphingomyelin (SM) composition of HDLs purified from plasma and nascently generated in vitro from fibroblasts. We also quantitatively compared the phospholipids present in these lipoproteins between normal and Niemann-Pick disease type B (NPD-B) subjects characterized by sphingomyelinase (SMase) deficiency. We demonstrated that plasma HDLs from NPD-B were significantly enriched in SM by an average of 28%, particularly the palmitoyl SM (with an increase of 95%), which accounted for ‫ف‬ 25-44% of total SM molecular species. Similarly, we observed an increase of ‫ف‬ 63% in total SM levels in nascent HDLs prepared from NPD-B fibroblasts. Although PC levels in nascent HDLs were comparable between control and NPD-B cells, there was a 95% increase in total PC levels similar to that of SM in plasma HDLs extracted from NPD-B subjects. These data provide insight into the structure of HDLs and identify potential new roles for SMase in lipoprotein metabolism. 
Niemann-Pick disease type B (NPD-B) is an autosomal recessive disorder caused by mutations in the sphingomyelin phosphodiesterase 1 (SMPD-1) gene, which codes for the acid sphingomyelinase (SMase). Deficiency of SMase leads to the accumulation of sphingomyelin (SM) and cholesterol in many organs, notably liver and spleen (1) . Lipid accumulation is also observed in cells by various methods (2) . We previously reported an association of SMPD-1 and reduced HDL-cholesterol (HDL-C) (3) . HDL is important in lipid metabolism, and low HDL-C levels are correlated with a greater incidence of atherosclerosis. HDL particles are formed through a stepwise maturation process: lipidfree apolipoprotein A-I (apoA-I) is initially lipidated with phospholipids to form disc-like pre ␤ HDLs. These nascent particles then become substrates for the accumulation of cholesterol and phospholipids effluxed from cells. LCAT promotes the esterification of their cholesterol content, forming spherical HDL particles with an inner core of cholesteryl esters. These ␣ -migrating particles absorb more lipids and finally mature into HDL 2 particles (4, 5) .
Recent work has underscored the importance of lipid composition for the conformation and stability of HDL particles (6, 7) . The study of phospholipids, notably phosphatidylcholine (PC) and SM, is primarily important because they are the main building blocks for all cellular membranes and because they perform a diverse number of other functions, such as signaling or as a component of lipid rafts (8, 9) . Recently, the role of SM in HDLs has been the subject of investigation because of its characteristic high gel-to-liquid crystalline phase transition temperature (10) . Bolin and Jonas (11) and Rye, Hime, and Barter (12) independently observed that increasing the SM content in reconstituted apoA-I-containing particles was associated with significant reductions in the rate of cholesterol esterification by LCAT, which is essential for HDL maturation. Thus, we hypothesized that the lack of SMase in NPD-B subjects affects the phospholipid profile of their HDL particles, which could in turn lead to rapid catabolism and reduced HDL-C levels in plasma.
At present, mass spectrometry is the most sophisticated technique for assessing the phospholipid content of biological samples because of its high sensitivity and unmatched specificity, as it directly analyzes phospholipids as intact
Study subjects
Controls and patients were selected from the Preventive Cardiology/Lipid Clinic of the McGill University Health Centre in Montreal, Canada. The research protocol was reviewed and approved by the institutional Ethics Committee. Signed informed consent was obtained for blood sampling, DNA analysis, and fibroblast cultures. Four normolipidemic subjects were selected as controls. We examined two siblings (subject 303, a 49 year-old man, and his sister, subject 301, a 47 year old woman) from a family affected with NPD-B. Both of them were compound heterozygous for ⌬ R608 and R441X at the SMPD-1 gene, as described previously (3) . Both underwent coronary artery bypass graft procedures for severe coronary artery disease in their 40s. Skin fibroblast cultures were established as described previously (16) .
HDL preparation
Total HDL fractions (1.091 Ͻ d Ͻ 1.210) were isolated from plasma by ultracentrifugation in a potassium bromide gradient (17) . Their apoA-I concentrations and cholesterol contents were measured by standard ELISA and enzymatic assay. HDL was also generated by loading for 24 h 20 g/ml purified apoA-I (Academy Bio-Medical Co., Houston, TX) onto 150 mm fibroblast cells that had been incubated previously for 1 day with 20 g/ml LDL. Medium was collected and concentrated with Amicon Ultra 15 filters with a cutoff molecular weight of 10,000. The cellular protein concentration was measured by the Lowry method and used to normalize lipid quantitation. All HDL samples were stored at Ϫ 80 Њ C until extraction.
Lipid extraction
Before extraction, samples were mixed with known amounts of internal standards (C19:0/C19:0 PC and N17:0 SM) that have been shown to be absent in the samples. The lipids were ex- were mixed and extracted as described in Materials and Methods. The data represent means Ϯ SD of three different preparations. B: Effects of the degree of unsaturation on instrument responses for PC. Equimolar amounts of C18:0/C18:1 PC (36:1), C18:1/C18:1 PC (36:2), C18:2/C18:2 PC (36:4), and C18:3/C18:3 PC (36:6) were mixed and extracted as described in Materials and Methods. The data represent means Ϯ SD of three different preparations. C: Effects of acyl chain length on instrument responses for sphingomyelin (SM). Equimolar amounts of N16:0 SM, N17:0 SM, N18:0 SM, and N20:0 SM were mixed and extracted as described in Materials and Methods. The data represent means Ϯ SD of three different preparations. tracted with chloroform-methanol (2:1) with 0.01% (w/v) 2,6-di-tertbutyl-4-methylphenol added with sonication as described previously (18) . The organic layer was recovered and evaporated to dryness. The dried lipid was resuspended in chloroform and analyzed by ESI-MS within the same day. For lipid characterization, extracted lipids were purified further with AccuBond amino solid-phase extraction columns as described previously (19) to remove anionic phospholipids (i.e., phosphatidylglycerol, phosphatidic acid, and phosphatidylinositol).
Electrospray mass spectrometry
ESI-MS analysis was carried out in positive and negative ion modes using a Micromass Quattro II triple quadrupole mass spectrometer equipped with an electrospray source. Cellular and plasma HDL samples, diluted 14-and 42-fold, respectively, in chloroformmethanol (1:2) containing 25 mM ammonium acetate were infused at a flow rate of 120 l/h. Data were accumulated in multiple-channel analysis mode, and analyses were carried out using MassLynx version 3.5 software. Nitrogen was used as drying gas (400 l/h) and a nebulizing gas (20 l/h). The electrospray capillary was set at 2.5 kV. ESI-MS analyses were carried out at a cone voltage of 45 V, a scan rate of 300 Da/s with an interscan delay of 0.1 s, and with scan ranges of 650-950 Da in the positive ion mode and 190-370 Da in the negative ion mode. The resolving power was set to obtain unit resolution. For PC characterization, ESI-MS/MS was used with argon as collision gas at a pressure of 0.9 ϫ 10 Ϫ 3 mbar, and the collision energy was set to 50 eV. The mass axis of MS1 and MS2 were calibrated previously with water clusters using water containing 0.05% trifluoroacetic acid. For PC and SM quantitation, ESI-MS was used instead of ESI-MS/MS because the latter technique results in differential fragmentation rates for individual molecular species containing different acyl constituents that are highly sensitive to the collisional activation energy used (20) .
HPLC-mass spectrometry
In a collaborative study, our plasma samples were analyzed separately by HPLC-MS as described previously (18) using an HPLC apparatus from Hewlett-Packard coupled online to a Quattro II mass spectrometer from Micromass. The phospholipids were separated on a LiChrospher 100 Diol (5 m), 250 ϫ 2 mm column (Merck, Damstadt, Germany). Chloroform was used as mobile phase A, and mobile phase B was methanol containing 0.1% (v/v) formic acid and 0.05% (v/v) triethylamine made pH 5.3 with ammonia. Separation of phospholipid classes was achieved with a gradient starting at 5% mobile phase B, increasing to 30% B in 11 min, increasing further to 80% B in 3 min, held at 80% B for 4 min, and then decreasing back to 5% B in 2 min. The total run time was 30 min; the flow rate was 0.3 ml/min at ambient temperature. Ion source parameters were optimized in the positive ion mode with respect to the quasimolecular ions of the phospholipids. The cone voltage was set to 40 V. The electrospray capillary was set to 3.0 kV, the source block temperature was 100 Њ C, and the nitrogen gas temperature was 250 Њ C. The drying gas and nebulizer gas were optimized to 350 and 20 l/h, respectively. The detection of PC and SM in the complex phospholipid extract was performed in precursor ion scans at m/z 184, and their quantitation was based on multiple reaction monitoring transitions at m/z 184.
Data analysis
By means of direct infusion ESI-MS, PC and SM species were discriminated on the basis of 1 ) their characteristic m/z value, 2 ) precursor ion scan of m/z 184, 3 ) fragmentation analysis in negative scan mode for PC by ESI-MS/MS, and 4 ) isotopic patterns. Quantitation of the analyte species was performed in ESI-MS by comparisons of individual ion peak intensities with the addition of internal standards in known amounts (i.e., C19:0/C19:0 PC and N17:0 SM) followed by correction for natural abundance of heavy isotope substitution. Each spectrum was accumulated for 12 min in multiple-channel analysis, smoothed (Savitzky Golay 2 ϫ 0.50), background subtracted (polynomial order of 2, 1% below curve), and centroided on the top 80% with ion intensity based on area. It has been demonstrated that different molecular species of polar lipids have different ionization efficiencies depending on the acyl chain length and degree of unsaturation (21) (22) (23) . Accordingly, the variations in instrument response attributable to these differential ionization efficiencies were corrected for PC and SM expressed in true molar abundances by factors determined in the calibration curves, which were obtained with equimolar concentrations of standards.
Statistical analysis
All experiments were done in triplicate, and the results are expressed as means Ϯ SD. All other statistical analysis was performed with GraphPad Prism software (San Diego, CA).
RESULTS

Instrument responses versus acyl chain length and degree of unsaturation
ESI-MS offers an attractive method for the analysis of phospholipid composition because of its "soft" ionization, high sensitivity, and specificity. Yet, precautions were taken in this quantitative study because different molecular species are not detected with equal efficiency. We established a response factor based on a calibration curve that related the intensity of the observed quasimolecular ion species to their carbon numbers and degrees of unsaturation. We used commercially available synthetic PC standards, including These were further diluted 42-and 14-fold, respectively, before injection, leading to the final approximate concentrations of 23.8 and 1.40 nmol/ml for plasma and cellular samples. As reported previously (21) (22) (23) , the instrument response decreased markedly and in a nearly linear manner with increasing acyl chain length ( Fig. 1A ). This effect became slightly more important when the overall lipid concentration increased from 4.0 to 200.0 nmol in 200 l of chloroform, as observed by Koivusalo et al. (21) . In addition, the instrument response was markedly dependent on the degree of acyl chain unsaturation (Fig. 1B) . It has been proposed (21) that the unsaturated species are more surface-active and compete more effectively for desorption. Additionally, the double bonds could weaken the intermolecular interactions in the droplet surface layer, thus enhancing the expulsion of the ions into the gas phase. Tables 1 , 2 summarize the correction factors based on the calibration curves in Fig. 1A , B, which were used to correct the experimental ion abundances to the true molar abundances ( Table 3 ). These correction factors were deduced from the regression equations derived from the calibration curves, whose R 2 value indicates that our model fits our data well. The P value of the slopes for Fig. 1B was compromised only by the lack of standards (missing points) within the calculated best-fit line. For the quantitative analysis of SM, we established a calibration curve using only N16:0 SM, N17:0 SM, N18:0 SM, and N20:0 SM because synthetic SM species bracketing the profile of natural SM are not available (22) . The amounts of SM standard used in the subsequent SM quantitation of plasma and cellular samples were 30.0 and 1.5 nmol in 200 l of chloroform, respectively. These were further diluted 42-and 14-fold, respectively, before injection, leading to the final approximate concentrations of 3.6 and 0.5 nmol/ml for plasma and cellular samples. Although there was a linearity of the chain length effects for the standards with even numbers of carbons, we observed that the signal intensity of N17:0 SM was higher than equimolar amounts of N16:0 (1.02-and 1.30-fold for 1.5 and 30.0 nmol SM in 200 l of chloroform, respectively). This zigzag odd-even effect was consistent for all four concentrations tested (1.5, 4.0, 10.0, and 30.0 nmol in 200 l of chloroform) (Fig. 1C) . Odd-even effects for various physical properties have been reported (24, 25) , and we believe that the markedly higher signal of N17:0 SM was caused by the difference in polarizability, leading to a different efficiency in ionization (24, 25) .
Although both Koivusalo et al. (21) and DeLong et al. (23) have shown that increasing dilutions could reduce the complications caused by the differential effects of acyl chain length, unsaturation, and lipid concentration on instrument responses, we were limited by the heterogeneity of our biological samples containing more than 40 PC species we have characterized in small quantities. The op- I relative represents the apparent ion abundance of the analyte assessed by relating the ratio of the peak height of the analyte to that of the corresponding internal standards of known concentration. The calculation for true ion abundance is based on the correction factors that were extrapolated from the calibration curves in Fig. 1A , B and summarized in Tables 1, 2. by guest, on October 13, 2017 www.jlr.org Downloaded from timal amounts of PC and SM standards (C19:0/C19:0 PC and N17:0 SM) we used were comparable with the amounts of the most dominant PC and SM species in the samples. As shown in Fig. 1A -C, we were not able to eliminate the effects of acyl chain length and degree of unsaturation on ion intensity under our experimental conditions, even when the concentrations were less than 1-2 nmol/ml. However, because their effects on the instrument responses were linear, we reasoned that we could adequately correct the quantitation by the factors extrapolated from the calibration curves (Tables 1-3) . Although we could further dilute the samples and the standards until the effects of chain length and unsaturation diminished, as suggested by Koivusalo et al. (21) , without affecting the analysis of the dominant PC species, the study of the other PC species as well as all SM species existing in much smaller quantities (up to Ͻ 50-fold) would have been jeopardized by the decreased signal-to-noise ratio (a minimum of 3 was used in our study). Under our experimental conditions using the Micromass Quattro II triple quadrupole mass spectrometer, we determined that 42-fold dilution of the plasma samples and 14-fold dilution of the cellular samples enabled us to obtain the best resolution and sensitivity for PC and SM characterization and quantitation.
We also verified the effects of concentration on instrument responses, using 4.0, 25.0, 50.0, and 200.0 nmol of C19:0/C19:0 PC in 200 l of chloroform (diluted 42-fold before injection; data not shown) and 5.0, 15.0, and 30.0 nmol of N17:0 SM in 200 l of chloroform (diluted 42-fold before injection; data not shown). We have demonstrated that the PC and SM standards gave a dose-dependent linear response within the working concentration ranges we used in the phospholipid quantitation, thereby validating the linearity of our method.
Determination of SM and PC species based on their specific fragmentation mechanisms
The structures of PC and SM are shown in Fig. 2A . The main fragmentation pathway for these two choline-containing phospholipids in a triple quadrupole instrument has been described (26) (27) (28) . In positive ion mode, CID of the protonated PC and SM molecular ions ([M ϩ H] ϩ ) gave the phosphocholine ion at m/z 184 derived from their phosphocholine head group. In addition, we used negative ion mode to characterize the acyl chains in PC species. The fragmentation pathway for PCs in negative ion mode has been proposed to occur via charge transfer, nucleophilic attack of the phosphate oxygen on the glyc- (Fig. 2B) . Some product ions gave evidence of several chain types, as shown in Fig. 3 , which shows the product ion spectra of nine major PC species. A set of ESI-MS/MS scans for plasma HDLs and nascent HDLs from cells is available as supplementary data. During our PC characterization, we observed only very minor differences in chain composition and relative peak intensities between samples, as exemplified in the negative ion ESI-MS/MS of plasma HDL samples at m/z 842 in Fig. 4 , even if the relative abundance of equivalent ions in the positive mode was different ( Tables 4 , 5 ) . Therefore, we conclude that there was no significant difference between controls and patients for PC speciation.
It has been shown that no useful fragmentation can be obtained on SM compounds by negative ion ESI (18, 27) . Although some authors have suggested the possibility of trace amounts of long-chain base groups other than d18:1 in SM (30), we have assumed for Tables 4, 5 that it was d18:1 and then determined the nature of the acyl chain from the pseudomolecular ion mass. Because of the possibilities of SM pseudomolecular ions hidden in the overlapping PC peak clusters, which could be discriminated only by isotopic correction in the direct infusion method, SM speciation was further confirmed by ESI-MS coupled online with HPLC, which allowed chromatographic separation of SM and PC before mass spectrometry. Figure  5 shows the HPLC-MS run of a plasma HDL sample and the major PC and SM species eluted at specific retention times. Figure 6 is an expansion of Fig. 5B , illustrating all SM species that we have identified.
Increased levels of SM in HDL extracted from NPD-B plasma
Although the HDL lipid content may vary slightly as a result of factors such as age, sex, race, diet, hormonal balance, physical exercise, etc. (31), we believe that it would be significantly affected in a diseased state, such as NPD-B, which is a sphingolipid disorder characterized by the accumulation of SM in many organs and cells (1, 2) .
SM and PC molecular species in plasma HDL were identified as described in Materials and Methods and listed in Table 4 and Fig. 7 . In total, we have characterized 13 SM species and 43 PC (acyl and ether) species: all SMs were almost exclusively saturated and monounsaturated with a relevant amount of long-chain fatty acid-containing species, most importantly N24:1 and N24:2 SM. The shortest SM species identified was 14 carbons long, but its concentration in the samples was very low. The most abundant ion was at m/z 703.7 (corresponding to N16:0 SM), which accounts for ‫ف‬ 25-30% of total SM molecular species in control plasma HDL samples and more than 40% in NPD-B samples. Because the amount of PC was more than 9-fold greater than that of SM in plasma HDL analytes, PC ions, especially those of the dominant species, were easily identified. These were PCs with 34 and PC species described here and their relative abundances were consistent with what had been reported for other kinds of biological samples, such as blood, red blood cells, and liver homogenates (18, (32) (33) (34) . We did not acquire product ion spectra for acyl anions of a few minor PCs because their intensities were too low. Although the interpretation of components of diacyl PC species as [M ϩ CH 3 OO] Ϫ was definitive in negative ion ESI-MS/MS, we were not able to differentiate between some odd carbon-numbered acyl PCs and ether PCs, in which an alkyl chain is linked to the glycerol backbone via an ether rather than an ester bond. For instance, both 15:0/ 18:2 diacyl PC and 18:2/16:0 1-O -alkenyl-2-acyl PC produce a pseudomolecular ion at m/z 802 (35) . These PCs are listed in the supplementary data and were not taken into account for the PC quantitation. The ether subclass content of PC is known to be relatively low in most tissues, especially in liver, from which HDL particles originate (36, 37) . SM and PC species comprising fatty acid moieties with an odd number of carbon atoms are also rare in nature and occur only when the fatty acid synthase uses propionyl-CoA instead of acetyl-CoA in fatty acid biosynthesis (38) . However, fatty acids with an odd number of carbons (mainly 15 and 17) have been reported, and they apparently correlate with dairy product intake (39) . For quantitative analysis with internal standard addition, we used known amounts of nonnatural phospholipids as internal standards (200.0 nmol C19:0/C19:0 PC and 30.0 nmol N17:0 SM, both of which were shown to be absent in the samples at the beginning of the study), which were coextracted with the plasma HDL samples. The abundance of PC and SM was then assessed by relating the ratio of the peak height of the plasma analyte to that of the corresponding internal standards. Absolute quantitation (with correction of the chain length and degree of unsaturation effects on the ion intensities) was performed only for the major SM and PC species ( Table 6) . For all other minor species, we sought only their relative levels in the samples and studied the differences in their magnitudes between control and NPD-B samples in a comparative analysis (Table 4). We demonstrated that plasma HDL from NPD-B was significantly enriched in SM by an average of 28%. The increase was particularly significant if we considered only the major SM species N16:0 SM (67.82 Ϯ 6.40 pmol/mg apoA-I in subject 303 and 59.03 Ϯ 4.67 pmol/mg apoA-I in subject 301 vs. an average of ‫33ف‬ pmol/mg apoA-I in controls, for an increase of 95%). Interestingly, we also observed an increase in total PC levels (95%) compared with that of palmitoyl SM in plasma HDL extracted from NPD-B with respect to normal subjects. This increase was spread evenly across all of the PC species present. The sum of the nine dominant PC species was calculated as 928.95 Ϯ 35.73 pmol/mg apoA-I in subject 303 and 651.96 Ϯ 83.57 pmol/mg apoA-I in subject 301 versus an average of ‫383ف‬ pmol/mg apoA-I in controls. Accordingly, the SM-to-PC ratio in plasma HDL samples from diseased subjects was not increased but slightly decreased (SM/PC ranging from 0.07 to 0.13). The nearly constant SM-to-PC ratios were also observed when using the HPLC/MS system on the same samples (data not shown). The values obtained here were within the biological range reported in various studies using mass spectrometry (33, 34) .
Increased levels of SM in nascent HDLs generated from NPD-B fibroblasts
Similar to the plasma HDL samples, HDL samples nascently generated in tissue culture were subjected to qualitative and quantitative analysis, using 4.0 nmol of PC C19: 0/C19:0 and 1.5 nmol of SM N17:0 internal standards (Table 5, Table 7 , Fig. 8 ). There was a considerable difference in terms of the quantity of lipids between the total HDLs purified from plasma and the nascent HDLs generated from fibroblast cells: the SM and PC content was more than 10-fold higher in the plasma HDL fractions than in the nascent HDLs. In addition, even though similar SM and PC species were identified, their relative abundances were significantly different. However, we observed an equivalent increase in total SM level (average of ‫)%36ف‬ when the HDL was generated from NPD-B fibroblasts. The major SM constituent, SM N16:0, was calculated to be 11.93 Ϯ 0.35 pmol/ mg apoA-I/mg cell protein in subject 303 and 10.44 Ϯ 0.98 pmol/mg apoA-I/mg cell protein in subject 301 versus an average of ‫3.7ف‬ pmol/mg apoA-I/mg cell protein in controls. Interestingly, although there was a concomitant increase in total PC level in plasma HDL extracted from NPD-B subjects, the PC level in nascent HDLs generated from NPD-B cells was comparable to that of controls (ranging from ‫58-05ف‬ pmol/mg apoA-I/mg cell protein; the average of the two patients had a two-tail P Ͼ 0.10). apoA-I, apolipoprotein A-I. The absolute quantities of SM and PC were calculated from the ion intensities obtained in electrospray ionizationmass spectrometry corrected with the chain length and degree of saturation effects estimated in Table 3 The absolute quantities of SM and PC were calculated from the ion intensities corrected with the chain length and degree of saturation effects estimated in Table 3 Therefore, these patients' HDLs have a significant increase in SM-to-PC ratio (0.23 vs. an average of 0.13 in controls, for an 80% increase). Furthermore, this SM-to-PC ratio was more than 2.5-fold higher in nascent HDLs generated by our system than in the total plasma HDLs. We note that the total HDL fraction from human plasma was heterogeneous and was composed of different types of HDL particles, whose lipid composition is dependent on the stage in their maturation process (40) . Overall, our quantitation method has been validated by calibration curves prepared by mixing N17:0 SM and C19:0/C19:0 PC standards in working ranges with varying amounts of analyte. The calibration curves were constructed by determining the ratio of the peak heights of the analytes to that of the corresponding internal standards (data not shown). Also, by comparison of two sets of triplicate experiments using the addition of the standard either before or after extraction, we determined that our extraction method had a relatively high yield (greater than 85%) and that the variations between each extraction were less than 3% (data not shown).
DISCUSSION
Mass spectrometry is a very powerful tool for analyzing intact phospholipid molecular species without the need for derivatization, with decreased risk of artifacts and increased reproducibility and sensitivity. Because of the positively charged quaternary ammonium of the choline head group, PC and SM were readily detected in positive ion mode with femtomole to picomole sensitivity. CID of cations of both SM and PC yielded a characteristic fragment of the phosphorylcholine moiety at m/z 184, enabling their profiling in unprocessed lipid extracts by precursor ion scanning. Also, PC and SM were readily discriminated by the nitrogen rule (41), because monoprotonated molecular ions of PC have even nominal masses, whereas ions of SM exhibit odd nominal masses. This is attributable to the presence of an additional nitrogen in SM. Our SM and PC species characterization was supported by a collaborative study performed separately by ESI-MS coupled online with HPLC, which allowed chromatographic separation of SM and PC before MS analysis and prevented the confusion caused by ions hidden in the overlapping peak clusters.
With ESI-MS/MS, we were able to measure qualitatively and quantitatively for the first time the SM and PC profiles of HDL particles, which is usually expressed as total mole percentage of total lipids only (42) . The reason for this probably is that lipid characterization and quantitation in these complex samples have been relatively complicated and time-consuming. Despite the ability to characterize the acyl chains of each species in this study, the sn positions of the individual acyl residues and the double bond positions were not determined by our current method (43) . The relative quantitation of the SM and PC analytes was performed by internal standard addition using a known quantity of the nonnatural standards N17:0 SM and C19:0/ C19:0 PC. The true molar abundances of the major SM and PC species were then estimated by correcting the effects of chain length and degree of unsaturation. Although attention has been paid to the effects of concentration on ion intensities (calibration curves were constructed with , it should be noted that our calculation was done with the assumption that the effects of concentration within each sample (at least for the major SM and PC species with respect to the N17:0 SM and C19:0/C19:0 PC standards) were negligible. We found that the SM content in HDLs from NPD-B was higher than normal by at least 28%, which could be attributed to their deficiency of SMase activity. The finding that the HDLs extracted from plasma and generated in vitro from tissue culture of NPD-B subjects was enriched in SM compared with controls is significant because of the condensing capacity of SM. It has been proposed that the presence of SM modulates amphiphilic peptide and protein interaction with the membrane interface (44) . Therefore, its level in lipoproteins could highly affect their conformation and functions. MS could be useful in the diagnosis of NPD-B as well as other lipid abnormalities. Most importantly, the comprehensive characterization and quantitation of lipid in HDLs by MS will be important for the better understanding of artherosclerosis (45) and will have significant impact on lipid research.
